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(57) ABSTRACT

An organic light-emitting display device includes: a sub-
strate; a display on the substrate and comprising a display
region and a non-display region at a perimeter of the display
region; a thin-film encapsulation layer sealing the display; a
voltage line at the non-display region and surrounding the
display region; and a dam unit overlapping an edge of an
outer side of the voltage line, wherein the voltage line
comprises: a first voltage line at one side of the display
region; and a second voltage line surrounding a pair of first
end portions of the first voltage line and other sides of the
display region, and an outer side of the first voltage line and
an outer side of the second voltage line are on a same line
outside the one side of the display region.

15 Claims, 4 Drawing Sheets
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims prionity to and the benefit of
Korean Patent Application No. 10-2015-0032507, filed on
Mar. 9, 2015, 1n the Korean Intellectual Property Oflice, the
disclosure of which 1s incorporated herein 1n 1ts entirety by
reference.

BACKGROUND

1. Field

One or more example embodiments relate to an organic
light-emitting display device.

2. Description of the Related Art

An organic light-emitting display device generally
includes a hole injection electrode, an electron 1njection
clectrode, and an organic light-emitting device that 1s posi-
tioned between the hole injection electrode and the electron
injection electrode and includes an organic emission layer.
The organic light-emitting display device 1s a self-emitting
display device in which light 1s generated when excitons
generated when holes emitted from the hole 1njection elec-
trode and electrons emitted from the electron injection
clectrode are combined 1n the organic emission layer change
from an excited state to a ground state.

Organic light-emitting display devices, which are seli-
emitting display devices, do not require an additional light
source and thus may be driven with a low voltage and
manufactured to be light and thin. Also, organic light-
emitting display devices have high-quality characteristics
compared to other display devices, such as a relatively wide
viewing angle, a relatively high contrast, and a relatively
high response rate and thus have drawn attention as next-
generation display devices. However, because the charac-
teristics of the organic light-emitting device are likely to
degrade due to external contaminants, such as moisture,
oxygen, etc., protecting organic light-emitting devices from
such external contaminants may increase their lifespan.

SUMMARY

One or more example embodiments include an organic
light-emitting display device that may be protected from
foreign substances or external contaminants such as mois-
ture or oxygen.

Additional aspects will be set forth 1n part in the descrip-
tion which follows and, in part, will be apparent from the
description, or may be learned by practice of the presented
embodiments.

According to one or more example embodiments, an
organic light-emitting display device includes: a substrate; a
display on the substrate and comprising a display region and
a non-display region at a perimeter of the display region; a
thin-film encapsulation layer sealing the display; a voltage
line at the non-display region and surrounding the display
region; and a dam unit overlapping an edge of an outer side
of the voltage line, wherein the voltage line comprises: a first
voltage line at one side of the display region; and a second
voltage line surrounding a pair of first end portions of the
first voltage line and other sides of the display region, and
an outer side of the first voltage line and an outer side of the
second voltage line are on a same line outside the one side
of the display region.
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The second voltage line may include a pair of second end
portions bent to cover outer sides of the pair of first end
portions, and each of the pair of first end portions may be
between the display region and the pair of second end
portions.

A first width of the first voltage line between the pair of
first end portions may be greater than a second width of the
pair of first end portions.

The outer side of the first voltage line may be between the
pair of first end portions, and the outer side of the second
voltage line may be between the pair of second end portions.

Outside the one side of the display region, the dam unit
may be continuously formed at an edge of the outer side of
the first voltage line and an edge of the outer side of the
second voltage line.

The first voltage line may include a pair of first connection
units, and a pair of second connection units may be on the
pair of second end portions to be parallel to the pair of first
connections.

The display may further include a pad unit configured to
supply an electric signal to the display region, the pad unit
may be outside the at least one side of the display region, and
the pair of first connection units and the pair of second
connection units may be connected to the pad unit.

The thin-film encapsulation layer may include at least one
inorganic film and at least one organic {ilm, and the at least
one organic film may be inside the dam unait.

The thin-film encapsulation layer may include: a plurality
of inorganic films; and a plurality of organic films between
the plurality of inorganic films, and the plurality of inorganic
films may be 1n contact with one another outside the dam
unit.

The display may include: a thin-film transistor; an organic
light-emitting device electrically connected to the thin-film
transistor; a passivation film between the thin-film transistor
and the organic light-emitting device; and a pixel defining
film defining a pixel region of the organic light-emitting
device, and the dam unit may include a same material as at
least one of the passivation film and the pixel defimng film.

The passivation film may overlap an edge of an 1nner side
of the voltage line.

The organic light-emitting device may include: a first
clectrode electrically connected to the thin-film transistor; a
second electrode opposite the first electrode; and an inter-
mediate layer between the first and second electrodes.

The second electrode may be connected to the second
voltage line.

The thin-film transistor may include: an active layer; a
gate electrode; a source electrode; and a drain electrode, and
a gate msulating film may be between the active layer and
the gate electrode, an interlayer insulating film may be
between the gate electrode, the source electrode, and the
drain electrode, the gate nsulating film and the interlayer
insulating film may extend to the non-display region, the
thin-film encapsulation layer may include at least one 1nor-
ganic {1lm, and the at least one inorganic film may be 1n
contact with the gate msulating film or the interlayer insu-
lating film outside the dam unait.

The at least one inorganic film may pass an end portion of
the interlayer isulating film and then contact an upper
surface of the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and
more readily appreciated from the following description of
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the example embodiments, taken in conjunction with the
accompanying drawings 1n which:

FIG. 1 1s a schematic plan view of an organic light-
emitting display device according to an example embodi-
ment;

FIG. 2 1s a schematic cross-sectional view taken along the
line I-I' of FIG. 1;

FIG. 3 1s a schematic plan view of a voltage line and a
dam unit of the organic light-emitting display device of FIG.
1; and

FIG. 4 1s a schematic enlarged view of the region A of
FIG. 3.

DETAILED DESCRIPTION

Reference will now be made 1n detail to example embodi-
ments, examples of which are 1llustrated in the accompany-
ing drawings, wherein like reference numerals refer to like
clements throughout. In this regard, the present example
embodiments may have different forms and should not be
construed as beimng limited to the descriptions set forth
herein. Accordingly, the example embodiments are merely
described below, by referring to the figures, to explain
aspects of the present description. It would be obvious to
those of ordinary skill in the art that example embodiments
are to cover all modifications, equivalents, and alternatives
falling within the scope of the present imvention. In the
following description, well-known functions or construc-
tions may not be described 1n detail 11 it 1s determined that
they would obscure the mventive concept due to unneces-
sary detail.

It will be understood that although the terms “first”,
“second”, etc. may be used herein to describe various
components, these components should not be limited by
these terms. These terms are only used to distinguish one
component from another.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the inventive concept. As used herein, the sin-
gular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. In the drawings, elements may be exaggerated,
omitted, or schematically illustrated for convenience of
explanation. In other words, because sizes and thicknesses
of components in the drawings are arbitrarily 1llustrated for
convenience ol explanation, the following embodiments are
not limited thereto.

It will be understood that when a layer, region, or com-
ponent 1s referred to as being “formed on or under,” another
layer, region, or component, 1t can be directly or indirectly
formed on or under the other layer, region, or component.
That 1s, for example, intervening layers, regions, or compo-
nents may be present.

It will be understood that when an element or layer 1s
referred to as being “on,” “connected to,” or “coupled to”
another element or layer, 1t can be directly on, connected to,
or coupled to the other element or layer, or one or more
intervening elements or layers may be present. In addition,
it will also be understood that when an element or layer 1s
referred to as being “between” two elements or layers, 1t can
be the only element or layer between the two elements or
layers, or one or more intervening elements or layers may
also be present.

Hereinafter, example embodiments will be described in
more detail with reference to the accompanying drawings. In
the drawings, components that are substantially the same or
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that correspond to each other will be denoted by the same
reference numeral and will not be redundantly described
here.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed 1tems.
Expressions such as “at least one of,” when preceding a list
of elements, modily the entire list of elements and do not
modily the imndividual elements of the list.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the present invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that 1s consistent with their meaning in the context of the
relevant art and/or the present specification, and should not
be interpreted 1n an 1dealized or overly formal sense, unless
expressly so defined herein.

FIG. 1 1s a schematic plan view of an organic light-
emitting display device 10 according to an example embodi-
ment. FIG. 2 1s a schematic cross-sectional view taken along
the line I-I' of FIG. 1. FIG. 3 1s a schematic plan view of a
voltage line 200 and a dam unit (or dam) 120 of the organic
light-emitting display device of FIG. 1. FIG. 4 1s a schematic
enlarged view of the region A of FIG. 3.

Retferring to FIGS. 1 to 4, according to an example
embodiment, the organic light-emitting display device 10
may include a substrate 101, a display unit (or display) 100
on the substrate 101, and a thin-film encapsulation layer 300
for sealing the display unit 100.

The substrate 101 may include various materials. For
example, the substrate 101 may be formed of a S10,-based
transparent glass material but 1s not limited thereto, and may
include any suitable substrate or transparent substrate mate-
rials according to the design of the organic light-emitting
display device 10. For example, the substrate 101 may be
formed of a transparent plastic material. The plastic material
may be an organic material selected from the group con-
sisting ol polyethersulphone (PES), polyacrylate (PAR),
polyetherimide (PEI), polyethylene napthalate (PEN), poly-
cthyleneterepthalate (PET), polyphenylene sulfide (PPS),
polyallylate, polyimide, polycarbonate (PC), cellulose triac-
ctate (TAC), and cellulose acetate propionate (CAP) which
are msulating organic matenals.

When the organic light-emitting display device 10 i1s a
bottom emission type i which an image 1s formed in a
direction of the substrate 101, the substrate 101 should be
formed of a transparent material. However, when the organic
light-emitting display device 10 1s a top emission type 1n
which an i1mage 1s formed 1n a direction opposite the
substrate 101, the substrate 101 need not be formed of a
transparent material. In this case, the substrate 101 may be
formed of a metal. When the substrate 101 1s formed of a
metal, the substrate 101 may include, but 1s not limited to,
at least one selected from the group consisting of iron,
chromium, manganese, nickel, titanium, molybdenum,
stainless steel (SUS), Invar alloy, Inconel alloy, and Kovar
alloy.

The display unit 100 may be formed or arranged on the
substrate 101. The display unit 100 may include a display
region DA 1n which an 1mage 1s displayed to be visible to a
user, and a non-display region which 1s outside the perimeter
(e.g., outside a footprint) of the display region DA. An
organic light-emitting device 1006 may be positioned 1n the
display region DA, and a voltage line 200 may be arranged
in the non-display region to supply power to the organic
light-emitting device 1005. In the non-display region, a pad
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unit (or pad) 150 may be further positioned to transmit an
clectric signal to the display region DA from a power supply
device or a signal generation device. The display unit 100
will be described 1n more detaill with reference to FIG. 2
below.

A bufler layer 102 may be formed on the substrate 101.
The bufler layer 102 may provide a flat surface (e.g., a
planarized surface) on the substrate 101 and block foreign
substances or moisture from permeating the substrate 101.
For example, the butler layer 102 may include silicon oxide,
silicon nitride, silicon oxynitride, aluminum oxide, alumi-
num nitride, titanium oxide, titanium nitride, etc. (which are
inorganic materials), polyimide, polyester, acryl, etc. (which
are organic materials), or a stack structure including a
plurality of materials among the above matenals. The bufler
layer 102 1s formed on the display region DA to extend to
(e.g., extend over or overlapping) the non-display region.

The display region DA may have, for example, a rectan-
gular shape. A thin-film transistor TF'T 100a and the organic
light-emitting device electrically connected to the TFT 100a
may be positioned in the display region DA.

The TFT 100a may include an active layer 103, a gate
electrode 105, a source electrode 107, and a drain electrode
108.

The TFT 1004 1s a top gate type 1n which the active layer
103, the gate electrode 105, the source electrode 107, and the
drain electrode 108 are sequentially formed. However,
example embodiments are not limited thereto and other
various types of TFTs such as a bottom gate type may be
employed as the TFT 100aq.

The active layer 103 1s formed on the bufler layer 102.
The active layer 103 includes a semiconductor material, e.g.,
amorphous silicon or polycrystalline silicon. However,
example embodiments are not limited thereto and the active
layer 103 may include other various materials. In an alter-
native embodiment, the active layer 103 may include an
organic semiconductor material, etc.

In another alliterative embodiment, the active layer 103
may include an oxide semiconductor material. For example,
the active layer 103 may include an oxide of a material
selected from the group consisting of a Group XII, XIII, or
X1V metal element such as zinc (Zn), indium (In), gallium
(Ga), tin (Sn), cadmium (Cd), germanium (Ge), or a com-
bination thereof.

A gate msulating film 104 1s formed on the active layer
103. The gate insulating film 104 may be formed 1n a single
layer or multiple layers using inorganic materials such as
s1licon oxide and/or silicon nitride. The gate msulating film
104 1nsulates the active layer 103 and the gate electrode 105
from each other. The gate insulating film 104 may extend to
not only the display region DA but also a portion of the
non-display region.

The gate electrode 105 1s formed on the gate nsulating
film 104. The gate electrode 105 may be connected to a gate
line through which an ‘on’/*ofl” signal 1s supplied to the TFT
100a.

The gate electrode 105 may be formed of a low-resistance
metal matenal. The gate electrode 105 may be formed 1n a
single layer or multiple layers using, for example, at least
one material selected from the group consisting of aluminum
(Al), platinum (Pt), palladium (Pd), silver (Ag), magnesium
(Mg), gold (Au), mickel (N1), neodymium (Nd), iridium (Ir),
chromium (Cr), lithium (L1), calctum (Ca), molybdenum
(Mo), titantum (T1), tungsten (W), and copper (Cu), 1n
consideration of an adhesive strength between the gate
clectrode 105 and a layer adjacent thereto, the surface
flatness and processability of stacked layers, eftc.
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An 1interlayer insulating film 106 1s formed on the gate
clectrode 1035. The interlayer insulating film 106 insulates
the source electrode 107, the drain electrode 108, and the
gate electrode 105 from one another. The interlayer insulat-
ing film 106 may extend to not only the display region DA
but also a portion of the non-display region.

The interlayer insulating film 106 may be formed 1n a
single layer or multiple layers using an inorganic material.
For example, the inorganic material may be metal oxide or
metal nitride. In detail, the mmorganic material may include
silicon oxide (S10,), silicon nitride (Si1Nx), silicon oxyni-
tride (S1ON), aluminum oxide (Al,O;), titanium oxide
(110, ), tantalum oxide (Ta,O.), hatnium oxide (H1O,), zinc
oxide (ZrQ,), etc.

The source electrode 107 and the drain electrode 108 are
formed on the interlayer insulating film 106. The source
clectrode 107 and the drain electrode 108 may be each
formed 1n a single layer or multiple layers using at least one
material selected from the group consisting of aluminum
(Al), platinum (Pt), palladium (Pd), silver (Ag), magnesium
(Mg), gold (Au), mickel (N1), neodymium (Nd), iridium (Ir),
chromium (Cr), lithium (L1), calctum (Ca), molybdenum
(Mo), titanium ('11), tungsten (W), and copper (Cu). The
source electrode 107 and the drain electrode 108 are formed
to be in contact with a region of the active layer 103.

A passivation film 109 may be formed to cover the TFT
100a. The passivation film 109 may remove a step caused by
the TFT 100aq and planarize an upper surface of a resultant
structure to prevent the organic light-emitting device 1005
from malfunctioning due to a lower concavo-convex struc-
ture.

The passivation film 109 may be formed in a single layer
or multiple layers using an organic material. The organic
material may include a general-purpose polymer such as
polymethylmethacrylate (PMMA) or polystylene (PS), a
polymeric derivative having a phenol-based group, an acryl-
based polymer, an imide-based polymer, an arylether-based
polymer, an amide-based polymer, a fluorine-based polymer,
a p-xylene-based polymer, a vinyl alcohol-based polymer, or
a mixture thereof. Also, the passivation film 109 may be a
stack structure including an 1norganic 1msulating film and an
organic insulating film.

The organic light-emitting device 1005 1s formed on the
passivation film 109. The organic light-emitting device 10056
1s electrically connected to the TF'T 100a, and 1includes a first
clectrode 110, a second electrode 113 arranged opposite the
first electrode 110, and an intermediate layer 112 present
between the first and second electrodes 110 and 113.

The first electrode 110 may be electrically connected to
the drain electrode 108. The first electrode 110 may be
formed 1n various shapes. For example, the first electrode 10
may be patterned 1n an 1sland fashion.

The first electrode 110 may be formed on the passivation
film 109 and electrically connected to the TFT 100a via a
contact hole formed i1n the passivation film 109. For
example, the first electrode 110 may be a reflective elec-
trode. For example, the first electrode 110 may include a
reflective film formed of Ag, Mg, Al, Pt, Pd, Au, N1, Nd, Ir,
Cr, or a combination thereof, and a transparent or semi-
transparent electrode layer formed on the reflective film. The
transparent or semi-transparent electrode layer may include
at least one selected from the group consisting of indium tin
oxide (ITO), mdium zinc oxide (I1Z0), zinc oxide (ZnO),
indium oxide (In,0;), mmdium galllum oxide (IGO), and
aluminum zinc oxide (AZO).

The second electrode 113 arranged opposite the first
clectrode 110 may be a transparent or semi-transparent
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clectrode, and may be formed of a metal thin film with a low
work function such as L1, Ca, LiF/Ca, LiF/Al Al, Ag, Mg,
or a combination thereof. An auxiliary electrode layer or a
bus electrode may be further formed on the metal thin film
by using a material for forming a transparent electrode, e.g.,
ITO, 170, Zn0O, In,O,, or the like. Thus, the second elec-
trode 113 may allow light emitted from the organic emission
layer included in the intermediate layer 112 to pass there-
through. That 1s, the light emitted from the organic emission
layer may be reflected directly or via the first electrode 110
which 1s a reflective electrode, and emitted toward the
second electrode 113.

However, the display unit 100 according to the present
embodiment 1s not limited to the top emission type and may
be a bottom emission type in which light emitted from the
organic emission layer 1s emitted toward the substrate 101.
In this case, the first electrode 110 may be a transparent or
semi-transparent electrode and the second electrode 113 may
be a reflective electrode. Also, the display unit 100 accord-
ing to the present embodiment may be a dual emission type
in which light 1s emitted in both directions of front and
bottom surfaces thereof.

A pixel defining film 119 formed of an insulating material
1s positioned on the first electrode 110. The pixel defining
film 119 may be formed of at least one organic insulating
maternial selected from the group consisting of polyimide,
polyamide, acryl resin, benzocyclobutene, and phenol resin
by spin coating or the like. The pixel defining film 119
exposes a region of the first electrode 110 and the interme-
diate layer 112 with the organic emission layer 1s present on
the exposed region of the first electrode 110. That 1s, the
pixel defimng film 119 defines a pixel region of the organic
light-emitting device 105.

The organic emission layer imncluded 1n the intermediate
layer 112 may include a low molecular weight organic
material or a high molecular weight organic material. The
intermediate layer 112 may selectively further include a
tfunctional layer such as a hole transport layer (HTL), a hole
injection layer (HIL), an electron transport layer (E'TL), an
clectron 1njection layer (EIL), etc.

In the non-display region which 1s the perimeter of the
display region DA, the voltage line 200 and the dam unit 120
may be arranged to surround the display region DA.

The voltage line 200 may be formed of the same material
as the source electrode 107 and the drain electrode 108. The
voltage line 200 may include a first voltage line 210 and a
second voltage line 220. For example, the first voltage line
210 may be a drniving voltage ELVDD line and the second
voltage line 220 may be a common voltage ELVSS line. The
second voltage line 220 may be connected to the second
clectrode 113. Although FIG. 2 illustrates that the second
voltage line 220 and the second electrode 113 are connected
via a wire 116, example embodiments are not limited thereto
and the second voltage line 220 and the second electrode 113
may be directly in contact with each other.

The first voltage line 210 may be arranged to correspond
to at least one side of the display region DA. The first
voltage line 210 may be arranged in parallel to one side of
the display region DA and has a length equal to or greater
than the length of the side of the display region DA. In this
case, the side of the display region DA corresponding to the
first voltage line 210 may be located adjacent to the pad unit
150. The second voltage line 220 may surround a pair of first
end portions 212 of the first voltage line 210 and the other
sides of the display region DA.

Outside the side of the display region DA, an outer side
S1 of the first voltage line 210 and an outer side S2 of the
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second voltage line 220 may be positioned on the same line
S.L. For example, the second voltage line 220 may include
a pair of second end portions 222 that are bent to cover the
outer sides of the pair of first end portions 212. Each of the
pair of first end portions 212 may be present between the
display region DA and the pair of second end portions 222.

In this case, a first width W1 of the first voltage line 210
between the pair of first end portions 212 may be greater
than a second width W2 of the pair of first end portions 212.
Thus, the outer side S1 of the first second voltage line 210
may be present between the pair of first end portions 212,
and the outer side S2 of the second voltage line 220 between
the pair of second end portions 222.

The first voltage line 210 may include a pair of first
connection umts (or connections) 214. The second voltage
line 220 may 1nclude a pair of second connection units 224.
The pair of first connection units 214 may extend from the
pair of first end portions 212 in a direction perpendicular to
the pair of first end portions 212. The pair of second
connection units 224 may extend from the pair of second end
portions 222 to be parallel to the pair of first connection units
214. The pair of first connection umts 214 and the pair of
second connection units 224 may be connected to the pad
unmit 150 outside the at least one side of the display region
DA.

The dam unit 120 may be formed to overlap at least an
edge of an outer side of the voltage line 200. An edge of an
inner side of the voltage line 200 may overlap the passiva-
tion film 109.

The dam unit 120 may prevent or reduce an organic
material from flowing along an edge of the substrate 101
when organic films 310 and 330 of the thin-film encapsu-
lation layer 300 for sealing the display unit 100 are formed,
thereby preventing or reducing instances of edge tails of the
organic films 310 and 330 from being formed.

The dam unit 120 may be formed of the same material as
the passivation film 109 or the pixel defining film 119. As
described above, the passivation film 109 and the pixel
defining film 119 may be formed of an organic material. An
adhesive strength between the organic material and a metal
1s greater than that between the organic material and an
inorganic material of the gate insulating film 104 and/or the
interlayer insulating film 106. Thus, the dam unit 120 may
be formed to overlap at least the edge of the outer side of the
voltage line 200 formed of a metal material, so that the dam
umit 120 may be stably formed to have a high adhesive
strength.

Because the voltage line 200 surrounds the display region
DA, the dam unit 120 may also surround the entire display
region DA. In detail, the dam unit 120 may be formed along
the second voltage line 220 to surround the display region
DA, and continuously formed because the dam unit 120
overlaps at least the edge of the outer side S1 of the first
voltage line 210 and the edge of the outer side S2 of the
second voltage line 220 outside a side of the dam unit 120
corresponding to the first voltage line 210.

When the entire first voltage line 210 has the second width
W2, the outer side S1 of the first voltage line 210 1s shifted
to the display region DA. Thus, the dam unit 120 does not
overlap the first voltage line 210 and is 1n contact with the
gate msulating film 104 or the interlayer msulating film 106
below the dam unit 120. Thus, the dam umt 120 may be
difficult to form. Even 1f the dam unit 120 1s formed on the
gate isulating film 104 or the interlayer insulating film 106,
delamination or the like may occur and external contami-
nants §uch as moisture or oxygen may permeate via the dam
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unit 120. Thus, errors such as dark spots may occur in the
organic light-emitting display device 10.

However, according to an example embodiment, the outer
side S1 of the first voltage line 210 and the outer side S2 of
the second voltage line 220 are present on the same line S.L
outside a side of the display region DA adjacent to the pad
unit 150. Thus, because the dam unit 120 may be formed to
surround the entire display region DA, a characteristic of
blocking external contaminants such as moisture or oxygen
may be enhanced.

Although FIG. 2 1llustrates that the dam unit 120 overlaps
an edge of an outer side of the voltage line 200, example
embodiments are not limited thereto and the dam unit 120
may be formed only on the voltage line 200 or formed to
cover the voltage line 200.

Also, although FIG. 2 illustrates that the dam unit 120 1s
formed 1 a single layer, example embodiments are not
limited thereto. That 1s, the dam unit 120 may be formed 1n
two or more layers. For example, when the dam unit 120 has
a two-layer structure, a lower layer may formed of the same
material as the passivation film 109 and an upper layer may
be formed of the same maternial as the pixel defining film
119. Also, two or more dam units 120 may be used. When
a plurality of dam units 120 are used, the height of the dam
unit 120 may increase as the dam unit 120 becomes adjacent
to the exterior of the substrate 101.

The thin-film encapsulation layer 300 may seal the dis-
play unit 100 to prevent or reduce external contaminants
such as oxygen, moisture, etc., from permeating the display
unit 100. The thin-film encapsulation layer 300 may include
a plurality of organic films 310 and 330 and a plurality of
inorganic films 320 and 340. The plurality of organic films
310 and 330 and the plurality of inorganic films 320 and 340
may be alternately stacked to form a multilayer structure.
Although FIG. 2 illustrates that the thin-film encapsulation
layer 300 includes two organic films 310 and 330 and two
inorganic films 320 and 340, example embodiments are not
limited thereto. That 1s, the thin-film encapsulation layer 300
may further include a plurality of additional inorganic
encapsulation films and a plurality of additional organic
encapsulation films that are alternately arranged. A number
of times that the plurality of additional 1mnorganic encapsu-
lation film and the plurality of additional organic encapsu-
lation film are alternately stacked 1s not limaited.

The organic films 310 and 330 may each include, for
cxample, at least one material selected from the group
consisting of acryl-based resin, methacryl-based resin, poly-
1soprene, vinyl-based resin, epoxy-based resin, urethane-
based resin, cellulose-based resin, and perylene-based resin.

The dam unit 120 may prevent or reduce instances of an
organic material flowing along an edge of the substrate 101
when the organic films 310 and 330 are formed, and thus the
organic films 310 and 330 are formed inside the dam unit
120.

The morganic films 320 and 340 may each include, for
example, at least one material selected from the group
consisting of silicon nitride, aluminum nitride, zirconium
nitride, titanium nitride, hatnium nitride, tantalum nitride,
silicon oxide, aluminum oxide, titanium oxide, tin oxide,
certum oxide, and silicon oxynitride (S10N).

The inorganic films 320 and 340 may be formed to be
larger than the organic films 310 and 330 and to cover the
dam unit 120. The inorganic films 320 and 340 may extend
to the outside of the dam unit 120, and may be 1n contact
with each other outside the dam unit 120. At least one of the
inorganic films 320 and 340 may be 1n contact with the gate
insulating film 104 or the interlayer insulating film 106
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outside the dam unit 120. Thus, external contaminants such
as moisture or oxygen may be prevented or reduced from
permeating side surfaces of the organic light-emitting dis-
play device 10 and an adhesive strength of the thin-film
encapsulation layer 300 may be improved.

Outside the dam umit 120, at least one of the inorganic
f1lms 320 and 340 may pass an end portion of the interlayer
insulating film 106 and be then i1n contact with an upper
surface of the substrate 101 and may also be 1n contact with
side surfaces of the gate insulating film 104 and the inter-
layer insulating film 106. Thus, the encapsulation charac-
teristics of the thin-film encapsulation layer 300 may be
prevented from being degraded or disappearing due to
laminating edges of the mnorganic films 320 and 340.

As described above, according to the one or more of the
above example embodiments, 1n an organic light-emitting
display device, an edge tail of an organic film of a thin-film
encapsulation layer may be prevented from being formed,
thereby protecting the organic light-emitting display device
against external contaminants such as moisture or oxygen.

It should be understood that example embodiments
described herein should be considered 1n a descriptive sense
only and not for purposes of limitation. Descriptions of
teatures or aspects within each example embodiment should
typically be considered as available for other similar features
or aspects in other example embodiments.

While one or more example embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing
from the spirit and scope as defined by the following claims,
and their equivalents.

What 1s claimed 1s:

1. An organic light-emitting display device comprising:

a substrate:

a display on the substrate and comprising a display region
and a non-display region at a perimeter of the display
region;

a thin-film encapsulation layer sealing the display;

a voltage line at the non-display region and surrounding
the display region; and

a dam umit overlapping an edge of an outer side of the
voltage line,

wherein the voltage line comprises:

a first voltage line at one side of the display region; and

a second voltage line surrounding a pair of first end
portions of the first voltage line and other sides of the
display region, and

an outer side of the first voltage line and an outer side
of the second voltage line are on a same line outside
the one side of the display region.

2. The organic light-emitting display device of claim 1,
wherein the second voltage line comprises a pair of second
end portions bent to cover outer sides of the pair of first end
portions, and

cach of the pair of first end portions 1s between the display
region and the pair of second end portions.

3. The organic light-emitting display device of claim 2,
wherein a first width of the first voltage line between the pair
of first end portions 1s greater than a second width of the pair
of first end portions.

4. The organic light-emitting display device of claim 2,
wherein the outer side of the first voltage line 1s between the
pair of first end portions, and

the outer side of the second voltage line 1s between the
pair of second end portions.
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5. The organic light-emitting display device of claim 4,
wherein, outside the one side of the display region, the dam
unit 1s continuously formed at an edge of the outer side of
the first voltage line and an edge of the outer side of the
second voltage line. 5

6. The organic light-emitting display device of claim 2,
wherein the first voltage line comprises a pair of first
connection units, and

a pair of second connection units are on the pair of second

end portions to be parallel to the pair of first connec-
tions.

7. The organic light-emitting display device of claim 6,
wherein the display further comprises a pad unit configured
to supply an electric signal to the display region,

wherein the pad unit 1s outside the at least one side of the

display region, and

the pair of first connection units and the pair of second

connection units are connected to the pad unat.

8. The organic light-emitting display device of claim 1,
wherein the thin-film encapsulation layer comprises at least
one morganic film and at least one organic film,

wherein the at least one organic film 1s nside the dam

unit.

9. The organic light-emitting display device of claim 1,
wherein the thin-film encapsulation layer comprises:

a plurality of mnorganic films; and

a plurality of organic films between the plurality of

inorganic films,

wherein the plurality of inorganic films are 1n contact with

one another outside the dam unit.

10. The organic light-emitting display device of claim 1,
wherein the display comprises:

a thin-film transistor;

an organic light-emitting device electrically connected to

the thin-film transistor;

a passivation film between the thin-film transistor and the

organic light-emitting device; and

a pixel defining film defining a pixel region of the organic

light-emitting device,
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wherein the dam unit comprises a same material as at least

one of the passivation film and the pixel defining film.

11. The organic light-emitting display device of claim 10,
wherein the passivation film overlaps an edge of an inner
side of the voltage line.

12. The organic light-emitting display device of claim 10,
wherein the organic light-emitting device comprises:

a first electrode electrically connected to the thin-film

transistor;

a second electrode opposite the first electrode; and

an mtermediate layer between the first and second elec-

trodes.

13. The organic light-emitting display device of claim 12,
wherein the second electrode 1s connected to the second
voltage line.

14. The organic light-emitting display device of claim 10,
wherein the thin-film transistor comprises:

an active layer;

a gate electrode;

a source electrode; and

a drain electrode,

wherein a gate insulating film 1s between the active layer

and the gate electrode,

an 1terlayer msulating film 1s between the gate electrode,

the source electrode, and the drain electrode,

wherein the gate msulating film and the interlayer insu-

lating film extend to the non-display region, and
the thin-film encapsulation layer comprises at least one
inorganmic ilm,

wherein the at least one norganic film 1s 1n contact with
the gate msulating film or the mterlayer insulating film
outside the dam unat.

15. The organic light-emitting display device of claim 14,
wherein the at least one morganic film passes an end portion
of the interlayer insulating film and then contacts an upper
surface of the substrate.

G o e = x
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